Ori stream (one of the tributaries of River Oba, Iwo, Osun State, Nigeria) was studied from October to December 2013 with the aim of providing baseline information on its water quality, phytoplankton primary productivity and invertebrate faunal composition. Plankton samples were collected by towing plankton net over a 2 metres horizontal distance, while benthic macroinvertebrate samples were collected by kick-sampling technique. Hydrological and some physico-chemical variables were determined in-situ, and water samples collected for further physico-chemical analyses in the laboratory. A total of 17 phytoplankton species, seven species of zooplankton and eight species of benthic macroinvertebrates were recorded. The upper reach of the stream was the most polluted with the presence of biological indicators of poor water quality, while the lower reach recorded some biological indicators of good water quality. Although the upper reach recorded the highest gross primary productivity, the highest net primary productivity was recorded at the stream's lower reach. Water quality typically decreased from the upper reach of the stream towards the middle reach but later picked up at the lower reach before discharging into River Oba. The physico-chemical and biotic nature of the different reaches were a reflection of human activities in and around the stream.
INTRODUCTION
Freshwater ecosystems have been subjected to significant impacts for centuries, in some cases millennia, and are continuing to be influenced by ever-growing human needs (Higgins and Duigan, 2009) . As a result, they have lost a greater proportion of their species and habitats than ecosystems on land or in the oceans, and they face increasing impacts from pollution, over-harvesting, habitat destruction, invasive species and climate change (World Resources Institute et al., 2000; Millennium Ecosystem Assessment, 2005) . Freshwaters are most vulnerable to pollution due to their easy accessibility for disposal of pollutants and wastewaters . The evaluation of water quality in most countries has become a critical issue in recent years, especially due to concerns that freshwater will be a scarce resource in the future (Alberto et al., 2001; Simeonov et al., 2003; Singh et al., 2004; Quadir, 2008) . It is against this background that protecting the integrity of world freshwaters is given topmost priority in the 21 st century (USEPA, 2007; Chinhanga, 2010; . In an ideal situation, the quality of freshwaters should be assessed by the use of physical, chemical and biological parameters in order to provide a complete spectrum of information for appropriate water management. Among these three surrogate parameters, the biological assessment of water quality is now largely developing because of the inclusion of biological indicators in water quality guidelines and in the assessment of environmental impacts (IliopoulouGeorgudaki et al., 2003; Singh et al., 2013) .
There are three main streams which drain through the ancient town of Iwo, namely: Aiba stream, Ori stream and Yaunyanun stream. These streams are all tributaries of River Oba which is of historic importance to the town, and ultimately discharges into River Osun. While Aiba stream has been copiously studied for its physico-chemical and biological water quality (Akindele, 2013; Atobatele and Olutona, 2013; Akindele and Liadi, 2014; Akindele and Olutona, 2014) , the other two streams have not been previously accounted for, in terms of their physico-chemical and biotic nature. The current study on Ori stream was carried out against this background, and in view of the fact that the management of large freshwater systems (e.g. Rivers Oba and Osun) is intimately linked to the management of their watershed and floodplain (Hambler and Canney, 2013) . In Nigeria for instance, smaller water bodies (e.g. streams and brooks) are often ignored in limnological studies, while attention is often focused on larger freshwater systems (e.g. lakes, reservoirs and rivers). This neglect has undermined the ecological importance of such headwaters in the overall conservation of the nation's inland waters. This paper is premised on the fact that the sustainability of large freshwater systems could be forecast if the health status of their tributaries is well documented. Thus, this study aimed at providing a baseline information on the health status of Ori stream in relation to its physico-chemical condition, phytoplankton composition and primary productivity, and, invertebrate faunal composition.
MATERIALS AND METHODS The study area
Ori stream is one of the three major streams that drain through the ancient town of Iwo, Osun State. Unlike the other two streams, it is in the outskirts of the town but various developmental projects have spread to the area, as a result of increasing human population. Owing to rising human needs, the stream is subjected to varying degrees of environmental stress as it flows through the town and ultimately discharges into River Oba.
Sampling and field in-situ determinations
The study lasted over a period of three months from October to December 2013, and sampling was conducted on monthly basis between the hours of 9 am and 12 pm. Five stations were established along the longitudinal axis of the stream (Figure 1 ). Site descriptions and anthropogenic activities at each sampling site are provided in Table 1 . Water temperature, pH and electrical conductivity were determined in-situ using a mercury-in-glass thermometer, pH meter and conductivity meter respectively. Also determined in-situ were flow velocity by float displacement method; channel width with a calibrated tape; water depth and Secchi depth with a calibrated Secchi disc; and discharge estimated from the product of flow velocity, channel width and water depth (Chapman and Kimstach, 2006) . Dissolved oxygen (DO) and biological oxygen demand (BOD 5 ) samples were collected in 300 ml amber bottles. DO samples were immediately fixed with Winkler's reagents to halt all biological activities, while the BOD 5 samples were taken to the laboratory and incubated at room temperature over a period of five days. Primary productivity samples were also collected on each sampling day and for each sampling station in a set of three bottles designated as: initial bottle (IB), white bottle (WB) and dark bottle (DB).
Water samples for physico-chemical analyses were collected in new and uncontaminated plastic containers thoroughly cleansed with distilled water and later rinsed with water samples to be collected. Plankton samples were collected by towing a plankton net (64 µm mesh size) over a 2 meter horizontal distance and concentrating it in a 100 ml specimen bottle. Plankton samples were also preserved in-situ in 5% formalin to ensure the integrity of the samples. Benthic macroinvertebrate samples were collected by using a hand-held pond net to collect the organisms after dislodging them by KickSampling Technique (Freshwater Biological Association, 2011) , and preserved in 70% alcohol. Sediment samples were collected in polythene bags for textural analysis in the laboratory.
Laboratory analyses
Dissolved oxygen samples were analysed in the laboratory using the Winkler's titration method. BOD 5 samples were also fixed with Winkler's reagents on the fifth day and analysed the same way as DO samples. Primary productivity samples were also analysed by using oxygen method (Molnar, 2005) , experimentally over a period of six hours. The initial bottle (IB) was fixed at the start of the experiment with Winkler's reagents, while the transparent white bottle (WB) was exposed to direct sunlight and immersed in the same water from its natural environment. The dark bottle (DB) was an opaque bottle and kept in a dark cupboard while the experiment lasted. After six hours, both WB and DB were also fixed with Winkler's reagents and the three bottles analysed for their dissolved oxygen content using the iodotitrimetric method. Phytoplankton primary productivity of the samples was estimated using the following mathematical illustrations: Net Productivity = WB-IB Respiration = IB-DB Gross productivity = Net productivity + Respiration = (WB-IB) + (IB-DB) = WB-DB (Molnar, 2005) Since the experiment lasted for only 6 hours and primary productivity is usually expressed per time, the values were multiplied by a factor of 4 so that the productivity values are now expressed per day.
Total solids (TS), total suspended solids (TSS) and total dissolved solids (TDS) were determined by gravimetric method. Ca -and PO 4 3-were determined by atomic absorption spectrophotometry. Percentage composition of sand, silt and clay and the textural class of each sediment sample were determined by using the Pipette method (Kettler et al., 2001) .
Phytoplankton and zooplankton samples were further concentrated and reduced to 10 ml volume for viewing under a Max II 1202.4000 model compound light microscope. Identification was carried out by taking note of their morphological features and by using relevant plankton identification guides (Fernando, 2002) . Identification of benthic macroinvertebrates was also aided with relevant guides (Freshwater Biological Association, 2011; Umar et al., 2013) .
Statistical analyses
The various data obtained were analysed using descriptive statistics and oneway analysis of variance (ANOVA). The community structures of the organisms were determined using Shannon-Weiner diversity index, Margalef diversity index, Simpson's diversity index, and species (Pielou's) evenness index.
RESULTS

Physico-chemical parameters
The Phytoplankton composition, community structure and primary productivity Five divisions of phytoplankton were recorded in this study, namely: blue-green bacteria, bryophyta, ciliophora, chlorophyta and diatomea (bacillariophyta) ( Table 2) . These altogether comprised a total of 17 species, with chlorophyta alone comprising 11 species. Blue-green bacteria comprised three species, while the other three divisions were mono-specific. A total of 2,596 individuals were recorded and Hormidium rivalare was the most abundant, while Drepanocladus aduncus was the least abundant. The community structure of phytoplankton is presented in Table 3 . The lowest number of species richness was recorded at Station 3, while the highest was at Station 1. Abundance of phytoplankton was lowest at Station 2 and highest at Station 1. Neither species richness nor abundance of phytoplankton showed significant spatial variation (p>0.05) in the stream. The three diversity indices recorded their lowest values at Station 3. ShannonWeiner and Margalef diversity indices were both highest at Station 1, while Simpson diversity index was highest at Station 5. Evenness of species was lowest at Station 3 and highest at Station 4. The gross primary productivity, respiration and net primary productivity values in the sampled stations of Ori stream are shown in Figure 5 . Gross primary productivity was highest at St. 1 followed by St. 5, while the lowest value was at St. 2. Respiration was also highest at St. 1, followed by St. 2 while Stations 3 and 5 recorded the lowest value. Net primary productivity was highest at Station 5, followed by Station 1 while the least value was at Station 2. Only net primary productivity and respiration however showed significant difference (p<0.05) in their spatial variation.
Invertebrate faunal composition, distribution and community structure
A total of 15 invertebrate species were recorded in the stream, comprising seven species of zooplankton and eight species of benthic macroinvertebrates (Table 2) . Zooplankton comprised four broad taxonomic groups, namely: Protozoa, Rotifera, Cladocera and Insecta (Merozooplankton). Protozoans were the most dominant both qualitatively and quantitatively, followed by rotifers. Crustacea and Insecta were both monospecific in distribution, and Insecta was the least abundant of the main taxonomic groups recorded. Arcella sp. occurred in all the stations and was the most abundant zooplankton species. Station 5 recorded the highest species richness and abundance of zooplankton, while the least values were both recorded at Station 3. There was no significant difference (p>0.05) in the spatial variation of zooplankton species richness and abundance. The three diversity indices followed the same trend as species richness and abundance, with the lowest values at St. 3 and the highest at St. 5. Conversely, evenness of species was lowest at St. 5 and highest at St. 4 (Table 3) .
Four main taxonomic groups were also recorded for the benthic macroinvertebrates, viz: Annelida, Crustacea, Insecta and Mollusca. Insecta comprised five species, while the other three groups were monospecific. Lanistes ovum occurred in four out of the five sampled stations, Lumbricidae and Potomonautes sp. occurred at two stations each, while other species occurred at only one station each. Chironomus sp. which occurred only at Station 1 was the most abundant macroinvertebrate sp., followed by Lanistes ovum and then, Gerris sp. No significant spatial variation (p>0.05) was also recorded in terms of species richness and abundance of the stream's benthic macroinvertebrates. Stations 2 and 3 were both monospecific in terms of macroinvertebrate distribution, and there were no diversity indices recorded. The three diversity indices as well as evenness of species were however higher in Station 5 than in Station 1. 
DISCUSSION
Although dissolved oxygen was highest at the upper reach (St. 1) in spite of its pollution status, it was not necessarily an indication of the site's health status, but of waters upstream of the site since it is a lotic system. Furthermore, the upper reach station has a relatively high flow velocity which has been established to have a direct relationship with dissolved oxygen saturation (Voshell, 2002) . Besides the upper reach station, the concentrations of dissolved oxygen (<5.0 mg/L) in the other four stations were below the recommendation for aquatic life (Chapman and Kimstach, 2006) . The spatial trend in the conductivity values as well as the concentrations of ions and nutrients suggests that the upper reach (St. 1) was the most polluted, and the stream recovered from pollution stress as it flowed down along its course. Discharge (water volume) was highest at the upper reach and drastically reduced before the stream discharged into River Oba. Recently (i.e. 2013), the upper reach of the stream was dredged due to the impending danger of the stream overflowing its banks in the rainy season, but this was not extended to the middle and lower reaches of the stream, hence a reduced discharge in the latter area. This may however further worsen the water quality in the middle reach, as a result of low water volume (discharge) to dilute the upstream pollution. The importance of discharge in ameliorating pollution was underscored by Carr and Neary (2006) when they stated that discharge influences the susceptibility of a stream to pollution. Streams with low discharge have a reduced capacity to dilute pollution and degrade wastes.
Phytoplankton far out numbered zooplankton and benthic macroinvertebrates, in species richness and abundance. This finding goes a long way to underscore the importance of phytoplankton in the energy flow of a freshwater system. The upper reach (St. 1) and the lower reach (St. 5) were relatively high in phytoplankton species richness and abundance as well as gross primary productivity. Although the upper reach station recorded the highest gross primary productivity, the highest net primary productivity was recorded at the lower reach station. This could easily be attributed to very high rate of oxygen consumption taking place at the upper reach station, in which respiration alone consumed 58.7% of the gross primary productivity. The implication of this could be reduced chemical energy available for higher trophic level organisms (e.g. zooplankton and macroinvertebrates), and this was most likely the reason for low zooplankton and macroinvertebrate production at the station. Based on the primary productivity values, the lower reach Station 5 may be regarded as the most productive since it had the highest net primary productivity value.
There was a poor representation of both zooplankton and benthic macroinvertebrates in Ori stream. Only seven species of zooplankton were recorded and Rotifera was not the most dominant group as against several studies on the zooplankton fauna of Nigerian freshwaters (Akin-Oriola, 2003; Ayodele and Adeniyi, 2006; Akindele and Adeniyi, 2013) . This poor species composition, rarity of rotifers as well as the absence of cladocerans in the stream could be indicative of its poor biological water quality. The benthic macroinvertebrate faunal composition of the stream which was characterised by eight taxa seemed to be the most reliable tool for assessing its biological water quality. The only two taxa (Chironomus sp. and Lumbricidae) recorded at the upper reach station are biological indicators of poor water quality (Friedrich et al., 2006) , one of which (i.e Chironomus sp.) accounted for about 63% of the total number of macroinvertebrates. Based on the distribution of macroinvertebrates, the lower reach station seemed relatively healthiest of all with the presence of biological indicators of good water quality such as the Libellulidae and Potomonautidae (Friedrich et al., 2006) , though they occurred rarely. The highest taxa richness of benthic macroinvertebrates at the lower reach station may also be attributed to its streamside (riparian) forest with about 90% vegetation cover. Literatures indicate that streamside forests support the distribution of macroinvertebrate fauna by keeping stream's thermal structure within a tolerance range, and, making food available for them directly through input of particulate food (leaf litter, soils, wood, etc.), and indirectly by affecting the structure and productivity of microbial (algae, bacteria) food web (Hussain and Pandit, 2012) . The importance of riparian forest and vegetation cover on the thermal structure of a stream cannot be overemphasized, and the high vegetation cover at the lower reach of Ori stream may have kept the stream's temperature within an optimal range for aquatic life.
Generally, the community structures of the three groups of organisms studied were a clear indication of poor biological water quality and habitat structure with ShannonWeiner diversity index (H') <3.0 and Margalef index (d) <3.0 (Türkmen and Kazancı, 2010) . The spatial trend in the species richness and abundance of the organisms also revealed the effects of environmental stress on the stream and its recovery pattern. The effects of anthropogenic activities seemed to be most pronounced at the upper reach where human and abattoir wastes were being disposed. The effects of these depositions were not only felt at the upper reach but also at the middle and lower reaches, as indicated by their poor physicochemical and biological water quality. The stream however appeared to have recovered from the stress at its lower reach before discharging into River Oba. This was most likely as a result of biodegradation of the organic wastes in the stream as it flowed down, from its upper reach.
Conclusion
The study has shown that Ori stream is poor in terms of physico-chemical and biological water quality as a result of anthropogenic interferences. The spatial distribution of the organisms suggests that the effects of organic deposition in the upper reach were greatly felt in the middle reach, and the stream seemed to have slightly recovered from the stress before discharging into River Oba. Findings in this study also revealed that plankton are not the best biological tool for assessing the integrity of running waters at a specific site, since they drift with water current from an upstream station. It is also noteworthy to state that continual deposition of organic wastes in the stream would further worsen its water quality. It is therefore expedient that deposition of domestic and abattoir wastes in the stream, particularly at the upper reach, be discontinued in order to restore the biological integrity of the system. It is also recommended that conservation studies of large tropical inland waters (e.g. lakes and rivers) be extended to their tributaries in order to conserve the ecological integrity of the former. 
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